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Taxonomic review and evolutionary trends of Levipustulini 
and Absenticostini (Brachiopoda) from Argentina: 
Palaeobiogeographic and palaeoclimatic implications
ARTURO C. TABOADA & GUANG R. SHI
THE LEVIPUSTULINI in Argentina are 
represented by a great number of genera, including 
Bulahdelia Roberts (Taboada 1989), Levipustula 
Maxwell (Amos et al. 1963), Lanipustula Klets 
(Simanauskas 1996), Verchojania Abramov 
(Taboada 2008), Jakutoproductus Kaschirzev 
(Simanauskas & Archbold 2002; Taboada & 
Pagani 2010) and Piatnitzkya Taboada (1993). 
In this paper, we carry out a detailed taxonomic 
review of this tribe and discuss some of its 
key genera and species, such as Levipustula 
levis Maxwell and Lanipustula patagoniensis 
Simanauskas. In addition, we also report 
and document one new species (Lanipustula 
kletsi sp. nov.), as well as the first Southern 
Hemispheric record of Absenticosta Lazarev, 
1991 in a related tribe Absenticostini. Absenticosta 
bruntoneileenae sp. nov. is suggested as a possible 
ancestral stock of the Patagonian Levipustulini 
descendants. The development of similar 
phylogenetic lineages of Levipustulini in high 
latitude regions of both northern and southern 
hemispheres such as Siberia in Northeast Asia 
and Patagonia in southwestern Gondwana, could 
have been a consequence of parallel evolution. 
The progressive palaeobiogeographic isolation of 
Patagonia, coupled with its southward drift under 
cold palaeoclimatic conditions, during middle 
Carboniferous-early Permian is interpreted to 
have triggered the Levipustulini vicariance. 
GEOLOGY AND BIOSTRATIGRAPHY
Argentine material described here comes from 
two areas, the Uspallata-Iglesia Basin in western 
Argentina and the Tepuel-Genoa Basin in 
Patagonia; the two regions are currently separated 
by 1300 km (Fig. 1). 
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The diagnosis and composition of the brachiopod Tribe Levipustulini Lazarev, 1985 is reviewed, 
leading to a detailed revision of the genera Levipustula Maxwell, 1951 and Lanipustula 
Klets, 1983, as well as a review of previous records of the species Levipustula levis Maxwell 
from Australia and Argentina. The presence of Lanipustula patagoniensis Simanauskas in 
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The Uspallata-Iglesia Basin
The Uspallata-Iglesia Basin (González 1985) 
was a narrow backarc area of deposition located 
between 28-34ºS (present-day latitudes), to 
the west of the ancient Protoprecordillera 
highland (Amos & Rolleri 1965). This basin 
has been traditionally subdivided into two 
different basins/subbasins, the Río Blanco to 
the north and the Calingasta-Uspallata to the 
south (Amos 1964). The Uspallata-Iglesia Basin 
presents a complicated stratigraphy due in part 
to the strong tectonism that affected most of 
the Late Palaeozoic deposits, now cropping out 
discontinuously. Selected lithostratigraphic units 
for the entire Uspallata-Iglesia Basin and their 
lateral correlations based on key fossil content 
are shown in Figure 2, as are stratigraphic data 
on major glacial pulses. 
In the Calingasta-Uspallata subbasin, 
Levipustulini and Absenticostini, among other 
brachiopods, have been recorded from the El 
Paso and Hoyada Verde members of the San 
Eduardo Formation (Mésigos 1953; nom. transl. 
González 1993; emend. Taboada 1997), in a 
deduced superpositional succession at the Barreal 
Hill (Fig. 3). Absenticosta bruntoneileenae sp. 
Figure 1. Map of southern South America showing major palaeogeographic features and location of basins 
where Argentinean Levipustulini and Absenticostini were recorded (modified from Limarino & Spalleti 2006).
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nov. occurs together with the Rugosochonetes-
Bulahdelia faunal assemblage from the El Paso 
Member, estimated to be late Viséan-earliest 
Serpukhovian in age (Taboada 1989, 2010). 
Levipustula levis and its faunal assemblage 
were recorded in the Hoyada Verde Member and 
other lateral equivalents within the Calingasta-
Uspallata subbasin, with an age not younger 
than Serpukhovian for its uppermost occurrence 
(Taboada 2010).
The Tepuel-Genoa Basin
The Tepuel-Genoa Basin is located in central-west 
Patagonia, between 43º-44º20´S and 69º30´-71ºW, 
flanked by the Somúncura and Deseado massifs to 
the northeast and southeast, respectively (Fig. 1). 
The basin infill is a nearly 6000 m thick, almost 
continuous sequence of clastic deposits ranging 
in age from early Carboniferous to early Permian 
(Suero 1948, 1953, 1958; Andreis et al. 1987; 
Archangelsky et al. 1996). The current upper 
Palaeozoic stratigraphic scheme of the basin, 
accepted by most Argentinean workers, was 
proposed by Page et al. (1984), with a tripartite 
succession of the Jaramillo, Pampa de Tepuel 
and Mojón de Hierro formations constituting the 
Tepuel Group, with its type section well exposed 
in the Tepuel Hill area. Other stratigraphic 
units are listed in the literature, but they are 
locally defined and generally regarded as lateral 
equivalents to parts of the Tepuel Group; these 
include the Las Salinas Formation (González 
1972) in the Languiñeo area and Esquel and Valle 
Chico formations (Cucchi 1980) in the Esquel 
area. South of present-day 44ºS, the uppermost 
sections of the Upper Palaeozoic were reported 
by Suero (1953, 1958) and Ugarte (1966), 
and later recognised as a separate unit, named 
the Río Genoa Formation (Andreis & Cúneo 
1989; Taboada & Pagani 2010). The stratigrafic 
column of the Tepuel Group with its main 
lithostratigraphic units and major glacial-related 
intervals and Levipustulini-bearing horizons, 
are shown in Figure 4. The stratigraphic and 
geographic location of the Lanipustula species 
described here from the Pampa de Tepuel and 
Las Salinas formations, are indicated in Figure 5. 
SYSTEMATIC PALAEONTOLOGY
Order PRODUCTIDA Sarytcheva & Sokolskaya, 
1959
Suborder PRODUCTIDINA Waagen, 1883
Superfamily PRODUCTELLOIDEA Schuchert, 
1929
Family OVERTONIIDAE Muir-Wood & Cooper, 
1960
Subfamily PLICATIFERINAE Muir-Wood & 
Cooper, 1960
Tribe LEVIPUSTULINI Lazarev, 1985
Discussion. The Tribe Levipustulini Lazarev, 
1985 (nom. transl. Brunton et al. 1995; ex 
Figure 2. Time-space scheme showing selected 
lithostratigraphic units and location of glacial-
related intervals of the Uspallata-Iglesia Basin. 
Stages and stratigraphic units of higher hierarchy are 
without scale, and the Permian timescale is based on 
Gradstein et al. (2004) and Gradstein & Ogg (2009) 
(note radiometric ages are not to scale). Biozones/
faunas: M, Malimanian fauna; R-B, Rugosochonetes-
Bulahdelia; L, Levipustula; M-M,  Marginovatia-
Maemia; T-S, Tivertonia-Streptorhynchus; C, Costa-
tumulus. Black flag: barren intervals (Waterhouse, 
2008). Other symbols include: ∆∆∆ - diamictites, 
and =O= - associated facies of glacial-related 
horizons. Cross-hatching delineates orogenic phases: 
Río Blanco orogenic phase (middle Viséan?), San 
Eduardo epeirogenic phase (middle Bashkirian) and 
San Rafael orogenic phase (late Early Artinskian) 
(modified from Taboada 2010).
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Levipustulinae Lazarev, 1985) is characterised by 
a compact set of genera comprising Levipustula 
Maxwell, 1951, Jakutoproductus Kaschirzev, 
1959, Verchojania Abramov, 1970, Bulahdelia 
Roberts (in Roberts et al. 1976), Lanipustula 
Klets, 1983, Impiacus Lazarev & Suursuren (in 
Afanasjeva et al. 1988) (Lazarev 1985, 1990) and 
Piatnitzkya Taboada, 1993 (Brunton et al. 2000). 
All of these genera are currently ascribed to the 
Tribe by most authors. Nevertheless, the inclusion 
of Jakutoproductus in the Levipustulinae was 
rejected by Shi (1994), who reassigned it to 
the subfamily Plicatiferinae Muir-Wood & 
Cooper, 1960 (see also Shi & Waterhouse 1996; 
Manankov 2004) because of its closer relationship 
to Plicatifera Chao, 1927 than to Levipustula. On 
the other hand, Jakutoproductus was retained in 
Levipustulini by subsequent authors (Brunton & 
Lazarev 1997; Brunton et al. 2000; Taboada & 
Pagani 2010; Simanauskas & Archbold 2002). The 
Figure 3. A, Geographic location of main localities of the Calingasta-Uspallata and Río Blanco subbasins 
(modified from González 1985). B, Composite stratigraphic column of the San Eduardo Formation with the 
El Paso and Hoyada Verde members at Barreal Hill, showing location of faunal assemblages, Absenticosta 
bruntoneileenae sp. nov. and Levipustula levis occurrences, and glacial-related intervals recognised (modified 
from Taboada 1997).
Figure  4 (opposite). Time-space scheme showing the stratigrafic column of the Tepuel Group with its main 
lithostratigraphic units, recognised mayor glacial-related horizons throughout the sequence (based on Suero 
1948; Taboada 2008; Taboada & Pagani 2010) and stratigraphic position of Patagonian Levipustulini records 
(B-H). The Carboniferous-Permian timescale is based on Gradstein et al. (2004) and Gradstein & Ogg (2009) 
(but note the radiometric ages are not drawn to scale). Symbols for diamictites and associated facies of glacial-
related horizons are as in Figure 2. Symbols for brachiopod species: A, Absenticosta bruntoeileenae sp. nov. 
(FML-PI 1201-1). B, Lanipustula patagoniensis Simanauskas (MPEF-PI 370). C, Lanipustula kletsi sp. nov.
(FML-PI 1702-2). D, Verchojania inacayali Taboada (FML-PI 3988). E, Verchojania archboldi Taboada 
(LIEB-PI 4). F, Jakutoproductus sabattiniae Taboada & Pagani (MPEF-PI 1807). G, Jakutoproductus australis 
Simanauskas & Archbold (DG-MLP 26170). H, Piatnitzkya borrelloi Taboada (FML-PI 766a) (all specimens 
in natural size; scale bar: 10mm).
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latter study, by Simanauskas & Archbold (2002), 
emphasised the close links in dorsal internal 
structures between genera such as Levipustula, 
Lanipustula, Verchojania, Jakutoproductus 
and Piatnitzkya. In addition, Simanauskas & 
Archbold (2002) have also indicated that the 
strong rugae observed in Jakutoproductus are 
only strongly developed in a minority of species, 
whereas in Plicatifera the strong regular rugae 
are also expressed on the shell interior, unlike 
those of Jakutoproductus. More recently, 
Jakutoproductus has been considered as a member 
of the Levipustulini lineage by Shi et al. (2008).
According to Lazarev (1990), Brunton et 
al. (1995), Brunton & Lazarev, (1997) and 
Waterhouse (2001, 2002), the most important 
diagnostic features of most genera of Levipustulini 
appear to be the presence of spines on both valves 
tending to a quincunxial arrangement, with 
elongate or slightly swollen bases, but in Permian 
representatives the dorsal spines are usually 
absent. The distinctive spine pattern of the tribe 
is usually also matched by a subdued concentric 
ornament, mostly growth lines, weak rugae or 
lamellae, but again this concentric ornamentation 
may be lacking in some Permian genera. In 
addition, dorsal valves are commonly geniculate, 
the internal marginal structures are weak (i.e., 
low) or absent, and a shallow to moderate corpus 
cavity is present.
According to this characterisation, a similar set 
of genera can be easily recognised and assigned 
to the Tribe Levipustulini, here considered to 
comprise Bulahdelia, Impiacus, Lanipustula, 
Levipustula, Verchojania, Jakutoproductus and 
Piatnitzkya. The collective stratigraphic range 
for this tribe is from Late Viséan to Artinskian. 
The Levipustulini was separated from the 
Plicatiferini by Brunton et al. (1995), Brunton 
& Lazarev (1997), Brunton et al. (2000), a view 
also accepted by Waterhouse (2001, 2002) and 
Simanauskas & Archbold (2002). Following 
Brunton et al. (1995), Levipustulini was placed 
within the Subfamily Plicatiferinae by a number 
of authors (Brunton & Lazarev 1997; Brunton 
et al. 2000; Simanauskas & Archbold 2002; 
Taboada 2008), but Waterhouse (2002), in an 
alternative classification of Productidina, assigned 
Levipustulini to the Subfamily Tubersulculinae 
(Family Avoniidae) in recognition of its well 
developed and uniform ventral spines. On the 
other hand, Waterhouse’s (2002) scheme for 
suprafamilial position of Plicatiferinae was 




Type species. Levipustula levis Maxwell, 
1951 from the Serpukhovian-Bashkirian? of 
Queensland, Australia.
Discussion. The type material of Levipustula levis 
came from the Neerkol beds of the Rockhampton 
district in Queensland, eastern Australia, and was 
described in detail by Maxwell (1951). With the 
exception of sample F11913b, our examination 
of the available type material included almost all 
specimens illustrated by Maxwell (1951), plus 
a few other specimens such as sample F11913a 
from the locality in Portion 200, Parish of Palen, 
and unlabelled samples without provenance, all 
of which are refigured here for comparison with 
Argentine material (Figs 2-5).
After Maxwell’s proposal of Levipustula, 
varied interpretations of the genus have been 
offered by different authors, based on a wide 
range of material from both eastern Australia and 
Argentina, resulting in a significant expansion of 
Maxwell’s original definition of the genus (Muir-
Wood & Cooper 1960; Amos 1960; Campbell 
1961; Böger & Fiebig 1963; Muir-Wood 1965; 
Kotljar & Popeko 1967; Winkler Prins 1968; 
Shi 1994; Shi & Waterhouse 1996; Brunton et 
al. 2000; Simanauskas & Archbold 2002). One 
diagnostic character not explicitly mentioned 
in the original description of Levipustula was 
the presence of dorsal spines, which could 
not be easily seen in the only dorsal external 
mould among the original specimens examined 
by Maxwell (1951). This dorsal exterior was 
illustrated as a plasticine cast by Maxwell (1951, 
pl. 2, fig. 4b). The lack of a mention of dorsal 
spines in the detailed description offered by 
Maxwell (1951) subsequently led some authors 
such as Muir-Wood & Cooper (1960), Muir-
Wood (1965) and Waterhouse (1982), to believe 
that Levipustula either lacks dorsal spines or 
at most only has scarce dorsal spines. Brunton 
et al. (2000, fig. 299.3a) illustrated this dorsal 
valve external mould for the first time as part 
of the holotype specimen labelled F11900 (the 
Figure 5.  A, Simplified stratigraphic column of the Pampa de Tepuel Formation (lower section) as exposed 
at the western flank of the Tepuel Hill, showing location of fosiliferous beds, Lanipustula patagoniensis and 
glacial-related intervals (not to scale) recognised (adopted from Suero, 1948 and authors’ own observations). 
B, Simplified stratigraphic column of the Las Salinas Formation at the Languiñeo Hill, showing location of 
fosiliferous beds, Lanipustula patagoniensis, Lanipustula kletsi sp. nov. and glacial-related intervals (not to 
scale)(modified from González, 1972 and author’s own observations). C, Location map showing main localities 
of the Tepuel-Genoa Basin mentioned in the text.
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holotype also contains a ventral valve figured by 
Brunton et al. 2000, fig. 299.3b). It is from this 
dorsal valve external mould that Maxwell made 
the plasticine cast which he figured (Maxwell 
1951, pl. II, fig. 4b). Our careful search of 
Maxwell’s collection indicates that the cast 
replica figured by Maxwell is actually missing 
from the collection, presumably lost. However, 
the holotype (specimen F11900) is present in the 
collection, which is an articulate internal mould 
with aspects of both dorsal and ventral valves. 
This specimen corresponds with Maxwell’s 
figures 4c and 4e of the plasticine cast. However, 
the external moulds of this specimen, figured by 
Maxwell (1951, figs. 4a and 4b) and Brunton 
et al. (2000, fig. 299.3a), are missing from the 
collection. Also of note is that the ventral valve 
external mould figured by Brunton et al. (2000, 
fig. 299.3b), according to our examination of 
the collection, actually does not belong to the 
holotype because its correct label is F11908, 
and it comes from a different locality to the true 
holotype specimen F11900 (see Maxwell 1951 
for locality details). 
The dorsal valve external mould figured by 
Brunton et al. (2000, fig. 299.3a) has indications 
of a few minute hollows near the hinge margin 
that probably correspond to small dorsal spines; 
but very likely dorsal spines are completely 
absent on the visceral disk. To clarify the nature 
of dorsal spines, we have also examined the 
latex cast of Levipustula levis from locality 
145-5 of Ridgeland, northwest of Rockhampton, 
which were sent by Dr. John Roberts to Dr. 
Carlos González in 2000, now housed in the 
Palaeontological Institute of the Miguel Lillo 
Foundation (Tucumán). These latex casts, here 
figured (Fig. 4), include three well preserved 
dorsal valve exteriors, which do not exhibit any 
minute dorsal spines. In contrary, specimens 
assigned to L. levis by Campbell (1961) from 
Booral, New South Wales, about 1000 km south of 
the Rockhampton district, show densely arranged 
fine dorsal spines. 
Therefore, these diagnostic dorsal spines, 
being absent in the type material of Levipustula, 
would exclude from the genus, all the specimens 
from NSW ascribed by Campbell (1961, 1962) 
to Levipustula. This also applies to the specimens 
from New South Wales listed as L. levis by Voisey 
(1940), as well as those illustrated by Muir-Wood 
& Cooper (1960) (see also Amos 1960, pl. 3, fig. 
1), Muir-Wood (1965), McCarthy et al. (1974) 
and Brunton et al. (2000, only fig. 299.3c). The 
correct assignment of theses species to other 
genera will be discussed below. 
According to the diagnosis and description 
by Maxwell (1951) and our own examination of 
the type and complementary material mentioned 
above from Queensland, Levipustula is here 
diagnosed as follows: it has an oval to subcircular 
outline, a plano-convex to gently concavo-
convex non-sulcate profile, sometimes with a 
short geniculation. The ornamentation of the 
ventral valve consists of irregular growth lines 
and spine bases often arranged in quincunx, with 
spines arising anteriorly and obliquely from the 
anterior end of elongate to slightly swollen ridge-
like bases especially on the venter. The ventral 
cardinal margin has slender, long and curved 
spines. The dorsal valve contains prominent pits 
sometimes arranged in quincunx, growth lines 
more prominent than those of ventral valve, and 
occasionally weak rugae expressed more strongly 
anteriorly. Dorsal spines are very scarce or absent, 
fine and minute when present. The cardinal ridge 
and median septum are present in dorsal valve, 
but brachial impressions are indistinct or weakly 
impressed. The cardinal process is trilobed 
dorsally and the muscle scars are mainly smooth, 
and non-dendritic. The dorsal adductor scars are 
usually on raised subtriangular platforms.
Beside the type species, other material ascribed 
to Levipustula are from the Carboniferous of 
Siberia (Maxwell 1951) and Transbaikal (Kotljar 
& Popeko 1967), Europe (Campbell 1961; Böger 
& Fiebig 1963; Winkler Prins 1968; Rehòr & 
Rehòrova 1972; Korejwo 1986), Argentina (Amos 
1960; Amos et al. 1963; Taboada 1997; Cisterna 
& Sterren 2008), Bolivia (Rocha-Campos et 
al. 1977), and questionably also from the early 
Permian of western Yunnan in southwest China 
(Shen et al. 2000). The Siberian Krotovia tolli 
Fredericks (1931) was closely compared with 
Levipustula levis by Maxwell (1951), but in our 
view the former appears to have a more densely 
arranged spines, different dorsal muscle scars, 
wide and strongly impressed brachial ridges and 
a quadrifid cardinal process; all these features 
would suggest that Krotovia tolli Fredericks is 
very different from Levipustula. Levipustula 
baicalensis (Maslennikov) (Kotljar & Popeko 
1967) from Transbaikal was later assigned to 
Lanipustula Klets (1983). Levipustula breimeri 
Winkler Prins was cautiously compared with 
Tuberculatella Waterhouse by Waterhouse (1982), 
due to lack of sufficient comparative material. The 
other European species ascribed to Levipustula 
by Campbell (1961) and Böger & Fiebig (1963), 
such as L. rimberti (Waterlot) and L. piscariae 
(Waterlot), all exhibit closely spaced radial to 
quincunxially arranged elongate and swollen spine 
bases on the ventral valve and conspicuous fine 
dorsal spines (Demanet 1943), unlike Levipustula 
which has short and only slightly swollen spine-
ridges on the ventral valve and either has very 
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scarce, minute dorsal spines or lacks them. These 
European species are best included in Lanipustula 
Klets, especially so for Demanet’s specimens and 
probably also those figured by Rehór & Rehórova 
(1972) and Korejwo (1986). The single ventral 
exterior figured as Levipustula? sp. by Shen et 
al. (2000) does not contain enough information to 
warrant a detailed comparison. Previous reports 
of Levipustula from Argentina and Bolivia are 
discussed below.
Levipustula levis Maxwell, 1951 (Figs. 6-9)
1892 Productus brachythaerus Sowerby; Jack & 
Etheridge, p. 248.
1963 Levipustula levis Maxwell; Amos et al., p. 
131, pl. I, figs 1-3.
1964 Levipustula levis Maxwell; Maxwell, p. 43, 
pl. 7, figs 17-20.
1964 Levipustula levis Maxwell; Hill & Woods, 
pl. C7, fig. 9.
1965 Levipustula levis Maxwell; McKellar, p. 8, 
pl. 2, figs. 8-11.
1977 Levipustula levis Maxwell; Rocha-Campos 
et al., p. 292-293, pl. 1, figs 1-5.
1997 Levipustula levis Maxwell; Taboada, pl. 
III, figs 13-14.
2000 Levipustula levis Maxwell; Brunton et al., 
p. 453, only figs 299.3a-3b.
2007 Levipustula levis Maxwell; Césari et al., p. 
40, figs 3, 4.
2007 Levipustula levis Maxwell; González & 
Díaz Saravia, p. 56, fig. 4.
?2008 Levipustula levis?; Cisterna & Sterren, p. 
142, figs 5a, 5b.
Comments. Maxwell’s original description was 
detailed. Although no specific diagnosis was 
provided for this species, Maxwell stated that 
diagnosis for the genus would be applicable 
for the species. Here we propose an emended 
diagnosis based on our examination of the 
type material and other published information 
mentioned above.
Emended diagnosis. Levipustula of transversely 
oval to subcircular outline and a plano-convex 
to gently concavo-convex non-sulcate profile, 
sometimes with a short geniculation. Hinge 
width slightly less than maximum width, which 
is located at about the posterior third of valve 
length. Although variable, shells are commonly 
up to 25 mm in width and 20 mm in length, with 
maximum width of 42 mm and maximum length 
of 35 mm (F11913a), and an average width/length 
ratio of 1.25. Spine density on ventral valve 
highly variable, between 3-5 per 5 mm across 
the venter at 10 mm from umbo, with slender, 
curved halteroid spines along hinge line and 
on flanks, attaining 4-13 mm in length. Dorsal 
spines very scarce, minute and inconspicuous. 
Cardinal process bilobed ventrally, trifid dorsally, 
lacking alveolus. Dorsal anterior adductor scars 
smooth, usually on subtriangular raised platforms, 
posterior adductor scars not impressed. Ventral 
diductor scars are subrectangular in outline, striate 
radially and slightly raised.
Discussion. All the material examined shows great 
variation in some features, mainly in the density 
of ventral spines, length of spine-ridge bases and 
spine size. The quincunxial arrangement of spines 
is not always regular, nor is the convexity and 
size of individuals. The specimen F11913a, from 
Portion 200, Parish of Palen, County of Ward, 
not figured by Maxwell (1951), is a mould of a 
ventral valve exterior (Fig. 7H). This specimen 
appears to represent the largest (up to 40mm in 
width) specimen known for this species, with the 
lowest spine density (3 spines per 5 mm at 10mm 
from umbo). If this specimen is compared with 
the paratypes F11967 (Figs. 6H, 9H; also figured 
by Maxwell 1951, pl. 2, fig. 7) and F11909 (Figs. 
6I, 9G; Maxwell 1951, pl. 2, fig. 5), both from 
the type locality (Portion 5V, Parish of Neerkol, 
County of Livingstone), the latter two specimens 
would be considered very small (26 mm and 28 
mm maximum width, respectively), but have 
greater convexity and more densely distributed 
spines with 5 spines per 5 mm at 10 mm from 
umbo. Nevertheless, a ventral valve of another 
specimen from the type locality, labelled F13120 
(Fig. 6G; Maxwell 1951, pl. 2, fig. 13), also has 
a lower spine density (3-4 spines per 5 mm at 10 
mm from umbo) than the two paratypes, and looks 
intermediate in appearance among Maxwell’s 
original collection. This specimen therefore 
could be considered intermediate between 
morphological extremes, and hence highlights the 
great intraspecific variability of L. levis. 
Outside Australia, L. levis has been described 
or figured from the upper Palaeozoic of Argentina 
(Amos 1960; Amos et al. 1963; Cúneo & Sabattini 
1987; Taboada 1997; Cisterna & Sterren 2008) 
and Bolivia (Rocha-Campos et al.1977). In 
Argentina, L. levis was first reported by Amos 
(1960) according to specimens from Patagonia 
(Chubut province) and later from western 
Argentina (Precordillera, San Juan province) 
(Amos et al. 1963). Patagonian specimens were 
sent by Amos to Australian experts, who agreed 
with Amos’ taxonomic determination (Campbell 
1961; Maxwell 1964). Unfortunately, to date the 
exact localities of the Argentine material examined 
by these two Australian palaeontologists remain 
unclear. More recently, the Patagonian specimens 
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were reviewed by Simanauskas (1996), who 
referred most of the material illustrated by Amos 
(1960) to a new species in a different genus; 
Lanipustula patagoniensis Simanauskas, 1996. 
Recently, Taboada (2008) also examined this 
material and excluded specimens MLP 5086c and 
MLP 5086d of Amos (1960, pl. 2, figs. 10-11; 
Amos 1979, p. 78, fig. a) from the synonymy of 
L. patagoniensis; instead assigning them, and also 
material from the Pampa de Tepuel Formation at 
La Carlota Post locality, to another new species in 
a different genus, Verchojania inacayali Taboada. 
2008. Verchojania inacayali is here considered 
also to include labelled specimens MLP 5086a 
and 5086b of Amos (1960, pl. 3, figs. 2, 5).
Amos (in Amos et al. 1963: p. 131, pl. I, figs. 
1-4) illustrated, as Levipustula levis, specimens 
from La Capilla Formation at Las Cambachas, 
western Argentina, and this was accompanied 
by a brief description. He indicated that those 
specimens were almost identical to Patagonian 
“L. levis”, but were smaller. The western 
Argentine Levipustula levis material was also 
stated to display more erect ventral spines with a 
somewhat irregular distribution pattern. Material 
collected by us from the western Argentine 
locality show signs of recrystallisation that 
would have obscured its ornamentation details, 
including spine arrangement. Besides, Amos 
(in Amos et al. 1963) reported the occurrence 
of L. levis in the Hoyada Verde and Leoncito 
localities, both only a few kilometers to the 
Figure 6. Levipustula levis Maxwell, 1951, from the type locality: Portion 5V. Parish of Neerkol, County of 
Livingstone, Queensland. A-B, D-E, holotype, F11900, composite internal mould in dorsal view, composite 
internal mould in antero-ventral view, latex cast dorsal valve interior, composite internal mould in postero-
ventral view. C, F, F11901-a, dorsal valve internal mould, latex cast dorsal valve interior. G, F13120, latex 
cast ventral valve exterior. H, paratype F11967, latex cast ventral valve exterior. I, paratype F11909, latex 
cast ventral valve exterior. J, paratype, F11901-b, latex cast ventral valve exterior. (all figures x 1.5; scale bar: 
10mm).
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Figure 7. Levipustula levis Maxwell, 1951. A, F, F11908, external ventral mould, latex cast ventral valve 
exterior, from Portion II, Parish of Baywulla, County of Yarrol, Queensland. B-D, F, F11906, composite internal 
mould in ventral and dorsal views, latex cast dorsal valve interior, from Portion 2162, Parish of Neerkol, 
County of Livingstone, Queensland. E, G, latex cast ventral valve exteriors of unlabeled specimens of the type 
material. H, F11913a, latex cast of ventral valve exterior, from Portion 200. Parish of Palen, County of Ward, 
Queensland. I, F11914, latex cast dorsal valve interior, from Portion 200, Parish of Palen, County of Ward, 
Queensland. J, F11915, latex cast dorsal valve interior, from Portion 198. Parish of Palen, County of Ward, 
Queensland. K, latex cast dorsal valve interior of an unlabeled specimen of the type material (all figures x 1.5; 
scale bar: 10mm).
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south, and from where comparable additional 
material has been discovered (Taboada 1997; 
Césari et al. 2007; Cisterna & Sterren 2008). 
This material and also other material from the 
La Capilla Formation at the Villa Corral locality 
(González & Taboada 1987) are here illustrated. 
Our examination of all these materials from 
both western Argentina and Patagonia reveals 
a complementary characterisation for the 
Argentine Levipustula levis, as follows: Shell of 
gently concavo-convex profile with a suboval to 
subcircular outline, maximum width and length 
of 22 mm and 16 mm, respectively, with an 
average width/length ratio of 1.25. Hinge width 
less than maximum width, which is located in the 
posterior third of valve length. Ventral valve with 
fine, mostly regular concentric growth lines, and 
spines in a regular quincunxial arrangement, with 
5 spines in 5 mm at 10 mm from the umbo. Spine-
ridge bases elongate, slightly swollen, of 2/3 mm 
maximum length. Dorsal valve with small dimples 
or pits, concentric growth lines, and few sparse 
minute spines located posteriorly near the hinge 
line. Scarce, poorly preserved interiors show 
radially striate diductor scars and slightly raised 
subtriangular to suboval platforms, where anterior 
adductors are attached. Cardinal process bilobed 
ventrally, trifid dorsally. As Amos (in Amos et 
al. 1963) and more recently, Taboada (2006), 
have indicated, western Argentine specimens are 
comparatively small, on average, compared to the 
type specimens of Levipustula levis from eastern 
Australia, but they are otherwise externally almost 
indistinguishable. 
Rocha-Campos et al. (1977) have illustrated 
L. levis from the upper part of the Taiguati 
Formation (Macharetí Group) at Parapeti River 
in the southern subandean area of Bolivia. The 
Bolivian material appears comparable in shell size 
to individuals from western Argentina than to the 
Figure 8. Levipustula levis Maxwell from the locality 145-5, Ridgeland, northwest of Rockhampton, 
Queensland. A, FML-PI 3558-1, latex cast ventral valve exterior. B, FML-PI 3558-2, latex cast ventral valve 
exterior. C, FML-PI 3558-3, latex cast dorsal valve exterior. D, FML-PI 3559-2, latex cast dorsal valve exterior. 
E, FML-PI 3560, latex cast dorsal valve exterior. F, FML-PI 3561, latex cast dorsal valve interior. G, FML-PI 
3559-1, latex cast dorsal valve interior (all figures  x 1.5; scale bar: 10mm).
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Australian type material of L. levis. 
Lanipustula Klets, 1983
Type species. Pustula baicalensis Maslennikov, 
1960, from the Gutay Formation, upper part of 
lower to middle Carboniferous of the Transbaikal 
region, Russia. 
Discussion. Lanipustula was proposed to 
differentiate and accommodate a set of species 
previously variably assigned to several different 
genera, such as Avonia Thomas, Pustula Thomas 
and Levipustula Maxwell, all widely recorded 
in the lower to middle Carboniferous of the 
Transbaikal and Khabarovsk regions of eastern 
Russia (Maslennikov 1960; Kotljar & Popeko 
1967; Zavodowsky & Stepanov 1970; Klets 
1983, 2005a, 2005b). Although accepted by 
most authors (Abramov & Grigorjeva 1983, 
1986; Astafieva-Urbajtis et al. 1983; Pavlova 
& Manankov 1983; Lazarev 1985, 1990, 1991), 
the validity of Lanipustula has been questioned 
by Roberts (in Roberts et al. 1993, 1995) who 
considered its minor morphological differences 
to not be of generic significance. More recently, 
Lanipustula was considered valid by Simanauskas 
(1996), Brunton & Lazarev (1997), Brunton 
et al. (2000), Simanauskas & Archbold (2002) 
and Waterhouse (2002), with additional species 
recorded from the Carboniferous of Verkhoyansk 
(Abramov & Grigorjeva 1983, 1986), the lower 
Carboniferous (upper Viséan) to the lower 
Permian (Asselian) of Mongolia (Astafieva-
Urbajtis et al. 1983; Lazarev 1991; Manankov 
2004), as well as from the lower Pennsylvanian 
of Argentina (Simanauskas 1996). As mentioned 
above, Lanipustula is also possibly represented 
in Europe, notably by L. piscariae (Waterlot), 
L. rimberti (Waterlot) and, in particular, species 
figured by Demanet (1943).
Klets (1983) has emphasised the distinction 
between Lanipustula and Levipustula in the 
position of the cardinal ridges and the shape and 
outline of anterior adductor scars. In Klets’ view, 
the cardinal ridges do not diverge from the cardinal 
margin in Lanipustula, its anterior adductor scars 
are distinctively pyriform and posterior adductor 
Figure 9. Levipustula levis Maxwell from Argentina. A, FML-PI 1267, partially decorticate ventral valve 
exterior. B-C, FML-PI 1268, partially decorticate articulate specimen in ventral and dorsal views. D-E, FML-
PI 3824, latex cast ventral valve exterior, impression ventral valve exterior. F, FML-PI 3240-1, mould dorsal 
valve exterior. G, paratype F11909, latex cast ventral valve exterior. H, paratype F11967, latex cast ventral 
valve exterior, from the type locality for comparison. I, FML-PI 3558-3, latex cast dorsal valve exterior from 
locality 145-5 of Ridgeland for comparison (all figures  x  1.5; scale bar: 10mm).
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scars poorly defined or not visible, and the anterior 
ridges strongly elevated. All these characters used 
to distinguish Lanipustula from Levipustula were 
only considered intraspecific by Taboada (2006). 
For example, the ‘invisible posterior adductor 
scars’ considered by Klets to be characteristic of 
Lanipustula has also been confirmed for some 
species of Levipustula. It is important to note that 
the presence or absence of posterior adductor scars 
could be an artifact of preservation and therefore 
it should not be taken as a character for a generic 
distinction. The usually raised subtriangular 
platforms could be where both the anterior and 
posterior adductors were located, but discernable 
only with exceptional preservation. The cardinal 
ridges are usually also parallel to the hinge line 
in Levipustula but occasionally show a slight 
divergence from the hinge (Fig. 8F). In addition, 
considerable similarity of the elevated anterior 
edge of the anterior adductor scar platforms 
exists in the genera. Notwithstanding these 
minor, ‘intraspecific’ differences, Lanipustula 
and Levipustula are significantly different in the 
abundance of dorsal spines, as was pointed out by 
Brunton et al. (2000), and also in the development 
of concentric ornamentation in that Lanipustula 
has strong rugae and/or lamination on both valves.
According to the description and illustration 
by Klets (1983), Lanipustula has a subcircular 
to transversely subelliptical outline and a 
gently concavo-convex nonsulcate profile, a 
short geniculation, sometimes with a barely 
discernible fold. Ornamentation of the ventral 
valve comprises concentric rugae and growth 
lines with short swollen spine bases and oblique 
spines quincunxially arranged. The dorsal valve 
exterior is ornamented with concentric rugae, 
stronger laterally and on the auricles. Abundant, 
minute hollow spines are present in concentric 
rows anterolaterally. The ventral diductor scars 
are typically subtriangular in outline and striate. 
The cardinal process is bilobate internally, trifid 
externally and the cardinal ridges are parallel to 
the hinge line. The median septum is grooved 
posteriorly or has an alveolus. The adductor scars 
are located on raised subtriangular platforms and 
are distinctly separated. The brachial ridges are 
weakly expressed. 
Complementary topotypic material of 
Lanipustula patagoniensis Simanauskas is 
here described and discussed, and another new 
Patagonian species of Lanipustula, a possible 
descendant of the former, is proposed. In 
addition, a new species of Absenticosta from 
western Argentina is described and suggested 
as the probable ancestor of the Patagonian 
Levipustulini lineage Lanipustula-Verchojania-
Jakutoproductus-Piatnitzkya.
Lanipustula patagoniensis Simanauskas, 1996 
(Fig. 10)
1960 Levipustula levis Maxwell; Amos, pl. III, 
only figs. 1, 3. 
1996 Lanipustula patagoniensis; Simanauskas, 
p. 303-304, figs. 3A-3E.
Comments. Simanauskas (1996) has given 
a detailed description of the species, and an 
expanded diagnosis is provided below, based on 
that of Simanauskas (1996) and our observations 
of abundant topotypic and other material.
Material. Silicone moulds of holotype MLP 
26196, paratypes MLP 26200a, 26200b, 26200c 
and specimen MLP 5088a, and one hundred 
external and internal moulds of both valves, 
FML-PI 890-893, 1693-1/1693-4, 1694, 1694-
1/1694-17, 1701-1/1701-31 and MEF-PI 2111, 
2127, 2320, 2388, 2391, 2574-2575, 2578 from 
the “bed with Productus and Fenestella” of Suero 
(1948) and bed “Ft-13” of Freytes (1971). 
Diagnosis. Large Lanipustula, subcircular to 
transversely subrectangular in outline with gently 
concave dorsal valve and a convex ventral valve, 
with its strongest convexity in the posterior third 
of valve and flattened anteriorly, non-sulcate. Well 
Figure 10. Lanipustula patagoniensis Simanauskas, 1996. A, MLP 26196, silicone mould of the interior of 
an articulate specimen (holotype). B, MLP 26200a, silicone mould of the interior of an articulate specimen 
(paratype). C, MLP 26200b, silicone mould of the exterior of an articulate specimen (paratype). D, FML-PI 
1701-11, internal mould of ventral valve in antero-ventral view. E, MLP 26200c, silicone mould of dorsal 
valve interior (paratype). F, MLP 5088a, silicone mould of dorsal valve interior. G, FML-PI 1701-10, silicone 
mould of the exterior of an articulate specimen in dorsal view. H, MEF-PI 2368, internal mould of an articulate 
specimen in dorsal view. I, MEF-PI 370, silicone mould of ventral valve exterior. J, FML-PI 1693-1a, latex 
mould of ventral valve exterior. K, MEF-PI s/nº, internal mould of ventral valve. L, MEF-PI 2368, internal 
mould of an articulate specimen in dorsal view. M, MEF-PI 2574-1, silicone mould of ventral valve exterior in 
antero-ventral view. N, LIEB-PI 147 internal mould of ventral valve in antero-ventral view. O, R, FML-PI 891, 
latex mould of cardinal process (x 2) and external mould of dorsal valve. P-Q, FML-PI 890a, internal mould of 
dorsal valve and its latex mould. S-T, FML-PI 1693-2, external mould of dorsal valve and its latex mould. U, 
FML-PI 1693-1, external mould of dorsal valve. V, FML-PI 1694-3b, external mould of dorsal valve. W, FML-
PI 1694-3a, external mould of dorsal valve (all figures natural size, otherwise as indicated; scale bar: 10mm).
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developed ventral trail, dorsal valve with short but 
well marked geniculation. Hinge width less than 
maximum width, which is located at midlength 
of the valve. Shell size in mature specimens 
commonly between 25-35 mm in width and 20-25 
mm in length, with largest sizes up to 45 mm and a 
width/length ratio of 1.20-1.48. Ventral valve with 
weak rugae and growth lines, slightly swollen 
ridge-like spine bases in quincunxial arrangement 
(3-4 per 5 mm at 10 mm from umbo) with fine 
subprostrate spines more oblique anteriorly. 
Ventral trail with shorter spine bases and longer 
oblique to recumbent spines (up to 5 mm in 
length) variably arranged, from quincunxial to 
broadly concentric, and only concentric growth 
lines anteriorly. A row of 4-5 suberect spines 
are present along hinge line. A thin myophragm 
separates large subtriangular diductor scars, striate 
longitudinally and flabellate anteriorly. Dorsal 
valve more rugose than ventral valve, with small 
dimples, a row of minute, erect circular spines 
near the hinge margin and variably abundant (5-9 
per 5 mm at 10 mm from hinge), suberect spines 
often in concentric rows over the disc. Dorsal 
trail with concentric growth lines, weaker rugae 
and scarce spines. Dorsal anterior adductor scars 
smooth, usually on subtriangular raised platforms 
and posterior adductor scars smooth, slightly 
impressed. Cardinal ridges usually parallel to 
hinge line or slightly divergent. Brachial ridges 
rarely impressed, set at approximately 45º to 
median septum. Alveolus present in juvenile 
specimens but variably closed at maturity or 
absent in gerontic stage. Cardinal process is 
bilobed ventrally and trifid dorsally.
Discussion. This Patagonian species exhibits 
diagnostic features of Lanipustula, comprising 
abundant external dorsal spines, rugose-lamellose 
concentric bands with growth lines on both valves 
and quincunxial arrangement of  swollen ridge-
like spine bases with oblique spines anteriorly 
on ventral valve. Internally, Patagonian material 
shows typical, but variable, anteriorly raised 
subtriangular adductor scar platforms and slightly 
impressed posterior adductor scars, besides other 
features. Nevertheless, L. patagoniensis is the 
largest of any species in the genus (width up to 
40 mm) and has a well developed ventral trail and 
geniculation, unlike younger representatives of the 
genus. These characteristics of L. patagoniensis 
closely resemble younger representatives of 
Impiacus Lazarev, particularly the type species I. 
dzhinsetuensis Lazarev & Suursuren, 1988 (see 
also Lazarev 1991; Brunton et al. 2000) from 
the upper Viséan of the Gobi Altai, Mongolia. 
Lazarev (1991) has proposed a phylogenetic 
lineage from Absenticosta through Impiacus to 
Lanipustula. As will be discussed below, this 
possible phylogenetic link of L. patagoniensis 
to Lazarev’s proposed Absenticosta-Impiacus-
Lanipustula lineage is significant and could be 
evidence of a comparable or parallel evolutionary 
trend, albeit delayed, for the development and 
diversification of the Tribe Levipustulini in 
Argentina. 
The synonymy of Lanipustula patagoniensis, 
according to Simanauskas (1996), has included 
all material from Patagonia previously assigned to 
Levipustula levis Maxwell by Amos (1960), with 
the exception of one specimen MLP 5088a (Amos 
1960, pl. III, only figs. 1, 3). But this specimen, 
in our view, should also belong here. Several 
other specimens figured by Amos (1960, pl. 2, 
figs. 10-11 and pl. 3, figs. 2 and 5) have already 
been transferred to Verchojania inacayali Taboada 
(2008). Still one other specimen, figured by Amos 
(1960, pl. III, figs. 4a, 4b), is here reassigned to 
Lanipustula kletsi sp. nov., described below. 
Material figured by Campbell (1961) as 
Levipustula levis Maxwell from the Booral 
Formation of New South Wales, Australia, 
appears to be conspecific with or at least very 
close to L. patagoniensis. Likewise, Lanipustula 
would also embrace other specimens from New 
South Wales, such as those figured by Muir-Wood 
& Cooper (1960, pl. 50, figs. 12-15), Amos (1960, 
pl. 3, fig. 1), Muir-Wood (1965, figs. 342.5a-b), 
McCarthy et al. (1974, figs. 4G-H) and Brunton 
et al. (2000, fig. 299.3c). 
To date, L. patagoniensis is known from two 
different horizons within the Pampa de Tepuel 
Formation. One of these was reported by Suero 
(1948) as “beds with Fenestella and Productus”, 
which was wrongly equated by Simanauskas 
(1996, fig. 1) with the bed Ft1-9a of Freytes 
(1971) as the latter is located nearly 1000 m 
stratigraphically below the former and only 
bears scarce fossil remains according to Freytes 
(1971). The second L. patagoniensis-bearing 
horizon was indicated by Simanauskas (1996) 
as bed Ft1-13 of Freytes (1971), which was also 
incorrectly positioned by Simanauskas (1996) as 
being 1000 m stratigraphically above the “beds 
with Fenestella and Productus” (Simanauskas 
1996, fig. 1). In fact, detailed field work by 
the senior author has revealed that the two L. 
patagoniensis-bearing horizons from the type 
section of the Pampa de Tepuel Formation, i.e., 
the “beds with Fenestella and Productus” and 
“Ft1-13”, are stratigraphic equivalents exposed 
at two different localities separated by a 1.3 km 
long creek on the western flank of Tepuel Hill, one 
north of the creek at S43º41’41”W70º44’32.5’’ 
at 1167 m above sea level, the other south of the 
creek at S43º42’18.1’’W70º44’09.8’’ at 1213 m 
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above sea level. As a result of this revelation, 
the correct stratigraphic distribution of L. 
patagoniensis and hence the L. patagoniensis 
assemblage (i.e., formerly Levipustula levis Zone) 
has been restricted to a narrow horizon of a few 
metres thick in the middle third of the Pampa de 
Tepuel Formation. Nevertheless, recent fieldwork 
carried out by Dr. Alejandra Pagani and one of 
the authors (ACT) has revealed a new record of 
Lanipustula patagoniensis stratigraphically 450 
m above (S43º41’22.7’’, W70º43’37.3’’) the 
“beds with Fenestella and Productus” of Suero 
(1948). Stratigraphic correlation indicates this 
horizon would also be present in the lowermost 
part of the Las Salinas Formation (Member LS-1 
of González 1972) in the Languiñeo Hill (near 
Olivera Post), where fragmentary specimens of L. 
patagoniensis have been collected (labeled FML-
PI nº 1703, Palaeontological Institute, Miguel 
Lillo Foundation, Tucumán, Argentina). 
Lanipustula kletsi sp. nov. ( Fig. 11)
1960 Levipustula levis Maxwell; Amos, pl. 3, 
only figs. 4a, 4b.
Material. Holotype FML-PI 1702-9, paratypes 
FML-PI 1702-1, 1702-2, 3837, 3839. Other 
material, FML-PI 1702-3/1702-22, 3840, LIEB-
PI 294-295, from the Las Salinas Formation, LS9 
member (González 1972), Languiñeo Hill, around 
S43º05’37,1’’, W70º13’00,5’’ and S43º05’05.0’’, 
W70º12’14.7’’.
Etymology. In honour and memory of the late 
Russian geologist and palaeontologist Dr. 
Alexandr Klets. 
Diagnosis. Medium size Lanipustula, subelliptical 
to subcircular to variably transverse outline with 
planar to gently concave dorsal valve with a 
short geniculation. Maximum width located at 
about posterior third of valve. Ventral valve with 
moderate to strong rugae and concentric growth 
lines, short swollen spine bases and fine oblique 
spines in quincunxial arrangement (4-5 per 5 
mm at 5 mm from umbo). Dorsal valve with 
generally weak rugae, but becoming stronger 
anterolaterally, with small dimples and suberect 
spines (6-7 per 5 mm at 10 mm from hinge), in 
roughly quincunxial to concentric arrangement. 
Description. Medium-sized Lanipustula, 
subelliptical, subcircular to variably transverse 
in outline with planar to gently concave dorsal 
valve with short geniculation. Ventral valve 
slightly convex with its strongest convexity in the 
posterior third of valve and flattened anteriorly. 
Hinge width less than maximum width, which is 
located at the posterior third of valve. Shell size 
in mature specimens commonly between 18-
20 mm in width and 13-17 mm in length, with 
largest size up to 25 mm and a width/length ratio 
between 1.00-1.54. Ventral valve with moderate 
to strong rugae and concentric growth lines, short 
swollen spine bases and fine oblique spines in 
quincunxial arrangement (4-5 per 5 mm across 
the venter at 5 mm from umbo). A row of 4-5 
suberect spines emerge at 45º from hinge line 
and reach up to 6 mm in length; slender and 
slightly curved spines on flanks and trail, up to 
8 mm long. A thin myophragm separates striate, 
longitudinally subtriangular diductor scars 
extending 1/3 of valve length. Dorsal valve with 
weak rugae, but comparatively stronger laterally 
and anteriorly, with small dimples and suberect 
spines (6-7 per 5 mm at 10 mm from hinge), in 
roughly quincunxial to concentric arrangement. 
Dorsal internal features variably expressed. 
Median septum varies from a thin median ridge 
extending 1/3 valve length posteriorly arising 
from short buttress plates surrounding an alveolus 
(Fig. 7K-L, FML-PI 1702-5), to a breviseptum 
that reaches 1/2 valve length, arising from a 
massive posterior platform without alveolus (Fig. 
11P, FML-PI 1702-7). One specimen (Fig. 11T, 
FML-PI 1702-21) shows an intermediate stage, 
with a breviseptum from a posterior platform with 
a shallow alveolus developed. Dorsal anterior and 
posterior adductor scars subelliptical in outline, 
smooth, located on variably raised subtriangular 
platforms. Cardinal ridges parallel to hinge line, 
extending laterally as a marginal rim (Fig. 11R, 
FML-PI 3837). Cardinal process bilobed ventrally 
and trifid dorsally. Brachial ridges usually 
well developed (Fig. 11N-O, FML-PI 1702-9), 
diverging approximately at 55º to median septum, 
smooth on inner surface, bounded by a low ridge. 
Endospines densely distributed and minute, 
disposed toward the anterior margin of the valve. 
Discussion. Lanipustula kletsi sp. nov. has all 
the diagnostic characters of the genus plus the 
well preserved posterior adductor scars, which 
were thought absent by Klets (1983) when 
he diagnosed the taxon based on the Russian 
material. Previously, Lazarev (1991) has also 
reported posterior adductor scars in Lanipustula 
toalensis Lazarev. 
Lanipustula kletsi sp. nov. closely resembles 
the type species L. baicalensis (Maslennikov) 
(Maslennikov 1960; Kotljar & Popeko 1967; 
Grigorjeva & Manankov 1970; Zavodowsky & 
Stepanov 1970; Klets 1983, 2005b; Astafieva-
Urbajtis et al. 1983; Pavlova & Manankov 
1983; Manankov 2004), from which it can 
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Figure 11. Lanipustula kletsi sp. nov. A-B, Paratype FML-PI 1702-1, internal mould of ventral valve and latex 
mould of ventral valve exterior. C, Paratype FML-PI 1702-2, latex mould of ventral valve exterior. D, FML-PI 
1702-8, mould ventral valve exterior. E, FML-PI 1702-18, internal mould of ventral valve. F, LIEB-PI 295, 
external mould of ventral valve. G-H, FML-PI 1702-17, external mould of dorsal valve (continued opposite)
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be distinguished in the weaker expression of 
the subtriangular adductor platform and the 
more uniform size of the spines around the 
auricles (unlike the Russian species whose 
auricular spines are 2-3 times thicker than 
those distributed elsewhere). In addition, L. 
baicalensis (Maslenikov) lacks dorsal spines 
along the cardinal margin and auricles whereas 
these spines are clearly present in L. kletsi sp. 
nov. Other species comparable with L. kletsi sp. 
nov. are L. natalinensis Abramov & Grigorjeva 
(1983) and L. tyraensis Abramov & Grigorjeva 
(1986), from the upper and lower Carboniferous 
of the Verkhoyansk region in eastern Russia, 
respectively. These two species have a greater 
density of ventral spines and a globose profile 
when compared with L. kletsi sp. nov. In addition, 
L. toalensis Lazarev (1991) from the upper Viséan 
of northern Mongolia, is almost twice as large, 
has a very low profile, longer spine bases and 
almost prostrate ventral spines, unlike the gentle 
concavo-convex profile, short swollen spine bases 
and oblique ventral spines of the Patagonian 
species. 
The older Serpukhovian L. patagoniensis 
Simanauskas (1996), as described above, differs 
from L. kletsi sp. nov. mainly in its stronger 
concavo-convex profile, larger size, weaker 
ventral rugae, stronger dorsal rugae, longer 
swollen spine bases, lesser density of ventral 
spines, but greater density of dorsal spines and 
higher dorsal subtriangular adductor scar. 
Tribe ABSENTICOSTINI Waterhouse, 2002
Absenticosta Lazarev, 1991
Type species. Absenticosta uldzejtuensis Suursuren 
& Lazarev, 1991 (in Lazarev 1991), from the 
upper? Viséan Urkhiyn-Khundiy Formation, 
Khangay Highland, Mongolia. 
Comments. The diagnosis and discussion 
provided by Lazarev (1991) indicates that 
Absenticosta has a concavo-convex visceral disc, 
a distinct trail and concentric rugae, sometimes 
interrupted and undulose. Bases of spines are 
tubercular, usually without elongate bases. Spines 
on the ventral valve are randomly scattered, but 
are absent at the cardinal angles. Spines on the 
dorsal valve are straight and confined primarily 
to the geniculation. The cardinal ridge deviates 
slightly from the cardinal margin and continues, 
with thickening, to the anterior margin of the 
visceral disc. 
Besides the type species, from the upper 
Viséan of Mongolia and the Transbaikal region 
(Plicatifera plicatilis in Kotljar & Popeko 1967), 
the genus also includes an unnamed species 
from the upper Viséan of Mount Bus-Ula, 
Mongolia (Lazarev 1991). The genus is also 
possibly present in northeastern Russia (Ganelin 
in Lazarev 1991). Concentric ornamentation 
in Absenticosta resembles Plicatifera Chao 
(1927) but this character in the latter genus is 
regular, unlike the highly irregular (in strength, 
undulation and bifurcation patterns) rugae of 
Absenticosta (Lazarev 1991). Absenticosta 
differs from the closely related genus Impiacus 
Lazarev & Suursuren (1988), mainly in its more 
sharply defined concentric sculpture and absence 
of spines at the cardinal angles (Lazarev 1991).
Absenticosta bruntoneileenae sp. nov. (Fig. 12)
? 2001 Tuberculatella peregrina (Reed); Siman-
auskas & Cisterna, p. 217-220, figs. 5a-5g.
Material. Fifteen specimens of external and 
internal moulds of ventral and dorsal valves. 
Holotype FML-PI 1201-1, Paratypes 1201-
2/1201-4, 1204-4. Other material 1201-8, 1204-
1, 1204-3, 1204-5/1204-6, 1204-9, from the El 
Paso Member of the San Eduardo Formation 
(latest Viséan), Elloy creek (Barreal hill) around 
S31º40’42.9’’, W69º25’16.7’’.
Etymology. Dedicated to Mrs. Eileen Brunton, 
devoted wife of the outstanding British 
brachiopodologist, the late Dr. Howard Brunton. 
Diagnosis. Medium-sized to large Absenticosta, 
subelliptical in outline with gently concave to 
evenly convex profile and a short trail. Hinge 
width slightly less than maximum width. Shell 
size commonly between 15-22 mm in width and 
11-15 mm in length with a width/length ratio from 
1.31 to 1.47. Short, fine subprostrate to oblique 
spines scattered over ventral valve with a density 
of 2-3 in 5 mm at 5 mm from umbo. Scarce (up to 
two), suberect spines located on umbonal slopes 
toward cardinal margin and only one stout spine 
at each cardinal angle. Conspicuous subcircular 
shallow dimples over dorsal valve, along with 
and its silicone mould. I, Paratype FML-PI 3839, external mould of dorsal valve. J, FML-PI 3840, external 
mould of dorsal valve. K-L, FML-PI 1702-5, internal mould of dorsal valve and its silicone mould. M, LIEB-
PI 294, internal mould of dorsal valve. N-O, Holotype FML-PI 1702-9, internal mould of dorsal valve and its 
latex mould. P, FML-PI 1702-7, interior of dorsal valve. Q, FML-PI 1702-20, internal mould of dorsal valve. 
R, Paratype FML-PI 3837, internal mould of dorsal valve. S, FML-PI 1702-14, external mould of dorsal valve. 
T, FML-PI 1702-21, internal mould of dorsal valve (all figures x 1.5; scale bar: 10mm).
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fine, erect, minute spines in roughly concentric 
arrangement, 5 in 5 mm on dorsal visceral disc. 
Description. Medium to large size Absenticosta, 
regularly transverse subelliptical outline, gently 
concave to evenly convex profile with short trail. 
Ventral valve evenly convex, flattened anteriorly 
toward the trail. Hinge width slightly less than 
maximum width, which is located at the posterior 
third of valve length. Shell size commonly 
between 15-22 mm in width and 11-15 mm in 
length with a width/length ratio from 1.31 to 1.47. 
Ventral valve with low concentric and irregular 
rugae, variably undulating and occasionally 
discontinuous. Growth lines inconspicuous. 
Short, fine subprostrate to oblique spines scattered 
over the valve with a density of 2-3 in 5 mm at 
5 mm from umbo. Scarce (up to two), suberect 
spines located on umbonal slopes near cardinal 
margin and only one stout spine at cardinal 
angle (left auricle of specimen FML-PI 1201-
1). A narrow, shallow ventral sulcus possibly 
present (FML-PI 1201-1).Ventral interior with 
thin, long myophragm extending 1/3 of valve 
length, which separates large, deeply radially 
striate, subtriangular diductor scars extending 
2/3 of valve length. Dorsal valve gently concave, 
abruptly and shortly geniculate. Ornamentation 
of low concentric rugae, expressed better 
posteriorly, generally weaker than those of ventral 
valve. Concentric growth lines better developed 
anteriorly. Conspicuous subcircular shallow 
dimples over dorsal valve; dorsal spines minute, 
erect, arranged in roughly concentric pattern, 5 in 
5 mm on disc. Partially decorticate dorsal valve 
interiors reproduce external ornamentation and 
exhibit radial rows of fine pustules. Cardinal 
process bilobed internally. Other characters not 
preserved. 
Discussion. The shell outline, profile and 
ornamentation of the Argentinean specimens 
suggest assignment to Absenticosta Lazarev 
(1991). As pointed out by Lazarev (1991), the 
genus usually lacks spines on the auricles, but 
larger and younger representatives could exhibit a 
single spine on each auricle, as indeed seen in our 
new Patagonian species. The presence of auricular 
spines suggests a similarity to Impiacus Lazarev 
& Suursuren, 1988, but the low concentric 
ornamentation and spine pattern of our new 
species indicate a clear difference from this genus. 
Absenticosta bruntoneileenae sp. nov. can 
be distinguished from the type species A. 
uldzejtuensis Suursuren & Lazarev (in Lazarev 
1991) (Lazarev & Suursuren 1992; Brunton et 
al. 2000) by its having low and fewer concentric 
rugae over the ventral valve and weaker and more 
irregularly developed concentric ornamentation 
on the dorsal valve. 
Absenticosta bruntoneileenae  sp. nov. 
constitutes the first record of the genus in the 
Figure 12. Absenticosta bruntoneileenae sp. nov. A-C, Holotype FML-PI 1201-1, exterior of ventral valve in 
ventral, posterior and lateral views. D, Paratype FML-PI 1201-2, internal mould of ventral valve. E, Paratype 
FML-PI 1201-4, partially decorticate dorsal valve interior. F, FML-PI 1201-6, external mould of dorsal valve. 
G, Paratype FML-PI 1204-3, fragmentary articulate specimen in dorsal view. H, FML-PI 1201-7, partially 
decorticate dorsal valve interior. I, FML-PI 1201-3, dorsal valve external mould of a juvenile specimen. J, 
Paratype FML-PI 1204-4, internal mould of ventral valve. K, FML-PI 1201-5, partially decorticate ventral 
valve exterior (all figures x 1.5; scale bar: 10mm.)
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Southern Hemisphere and documents another 
brachiopod with antitropical distribution (see 
below). 
PALAEOBIOGEOGRAPHIC ORIGIN AND 
EVOLUTION OF THE PATAGONIAN 
LEVIPUSTULINI LINEAGE
The Levipustulini have long been recognised from 
northeast Asia (Kolyma, Omolon, Verkhoyansk, 
Okhotsk and Mongolian regions) where they 
are commonly found in association with low-
diversity temperate brachiopod faunas ranging in 
age from Carboniferous to early Permian (Klets 
1983, 2005a, b; Ganelin & Durante 2002; Klets 
& Kislyakov 2000; Klets et al. 2006; Ganelin & 
Biakov 2006; Ganelin 2010). As in Gondwana, 
late Palaeozoic marine faunas of northeast Asia 
lack warm-water fossil elements, except those 
from long-travelled accreted oceanic terranes 
(Ganelin & Tschernjak 1996; Shi 2006). This 
similarity in late Palaeozoic marine faunal 
composition and distribution patterns between 
the high latitude regions of both hemispheres 
has led to the recognition of biogeographic 
bipolarity (or antitropicality) by a number of 
authors (e.g., Ustritskiy 1971; Shi et al. 1995; Shi 
& Grunt 2000). This distinctive late Palaeozoic 
biogeographic phenomenon has usually been 
taken to imply bipolar cooling patterns at high 
latitudes (Waterhouse 1967, 1969, 1976; Dickins 
1985) and has also been referred to as a potential 
correlation interval between high latitudes of both 
hemispheres (Roberts et al. 1976; Archbold 2005, 
Shi & Shen 2005; Shi 2006; Taboada et al. 2005; 
Taboada 2008; Taboada & Pagani 2010). 
The Tribe Levipustulini commonly exhibits 
antitropical distribution but two separate, 
morphologically similar lineages from this tribe are 
shared only between northeast Asia and Patagonia 
(Tepuel-Genoa Basin). The parallel lineages 
are both composed of Lanipustula, Verchojania 
and Jakutoproductus, with Absenticosta here 
interpreted as the possible common ancestor 
for both lineages. The two lineages are believed 
to have diverged in the early Carboniferous, 
followed by parallel evolution in the high latitude 
regions of both hemispheres under comparable 
cool climate conditions during the Late Palaeozoic 
(Shi et al. 2008). In this scenario, the development 
of these two related lineages could be regarded 
as a consequence of parallel evolution in vastly 
separate geographic locations but with similar or 
comparable climatic/ecological conditions. This is 
an alternative interpretation to the ‘trans-oceanic 
dispersal’ model that has so far been advocated 
as a mechanism of initiating and sustaining late 
Palaeozoic biogeographic bipolarity (see Shi 
& Grunt 2000, reference therein provided). If 
parallel evolution was indeed the mechanism for 
initiating the late Palaeozoic bipolarity between 
Patagonia and northeast Asia, it must have 
commenced during the late Viséan at a time when 
the Earth was experiencing a global cooling phase 
allowing the transoceanic and global dispersal 
of some cool-water brachiopod genera (e.g. 
Absenticosta, among others) from lower to higher 
latitudes. Ancestral (Viséan) Absenticosta was 
restricted to the southern shelf waters of Siberia, 
then located in the low to middle latitudes of the 
Northern Hemisphere during the middle and late 
Palaeozoic (Cocks & Torsvik 2007). It is likely 
that Absenticosta might have migrated westward 
from southern Siberia through the Austro-
Panthalassic-Rheic corridor (Taboada & Shi 
2009) southward to southwestern South America 
(western Argentina). This possible presence of 
an early Carboniferous (Viséan in particular) 
trans-Pangean-type Austro-Panthalassic-Rheic 
corridor as a migration pathway and connection 
between the Palaeotethys and eastern Panthalassa 
(or southwestern Gondwana in this case) has 
also been suggested to explain the temporal 
and spatial distribution patterns of several other 
Carboniferous brachiopod genera such as Yagonia 
(Taboada & Shi 2009) and Aseptella (Cisterna 
& Simanauskas 1999; Martinez Chacón & 
Winkler Prins 1999). In this model, Absenticosta 
bruntoneileenae sp. nov., recorded in the El Paso 
Member (latest Viséan) from western Argentina, 
either represents a direct immigrant from Siberia, 
or a descendant of a yet undiscovered ancestral 
taxon that had evolved through allopatric 
speciation. Lazarev (1991) has discussed 
a phylogenetic lineage from Absenticosta 
through Impiacus to Lanipustula in the Northern 
Hemisphere. The morphological resemblance of 
Absenticosta bruntoneileenae sp. nov. to earlier 
Impiacus and, to a lesser extent, L. patagoniensis, 
is here interpreted as evidence of a comparable 
evolutionary trend in Patagonia. Temporally 
compared to the evolution of the lineage in 
northeast Asia, the evolution of the parallel 
Patagonian lineage was almost synchronous 
with its northern counterparts. As illustrated in 
Figure 4, the Patagonian Levipustulini lineage of 
Lanipustula (Serpukhovian) through Verchojania 
(Moscovian-Asselian) to Jakutoproductus (early 
Artinskian) commenced in the latest Viséan and 
terminated in the early Artinskian. The lineage 
is characterised by having its ventral spines 
becoming progressively more quincunxially 
arranged, coupled with a progressively weaker and 
more variable concentric ornamentation pattern 
of growth lines and rugae (synapormorphy). 
In addition, ventral spines are often oblique or 
subprostrate with elongate or slightly swollen 
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bases throughout the lineage, but dorsal spines 
appear to have evolved from being abundant 
for early Carboniferous taxa to either scarce or 
completely lost for Permian representatives. 
Many of these evolutionary features are manifest 
in the Levipustulini genus Piatnitzkya, the 
youngest (middle Artinskian) in this lineage in 
Patagonia. This genus, located stratigraphically 
at the upper end of the proposed Patagonian 
Levipustulini phylogenetic lineage, demonstrates 
evidence for many of the suggested evolutionary 
trends; for example, it has no dorsal spines, 
nor concentric ornamentation. In the Northern 
Hemisphere (northeast Asia), Jakutoproductus 
appears to represent the youngest genus in the 
Levipustulini phylogenetic lineage, where the 
youngest Jakutoproductus tends to have a larger 
shell size, more conspicuous ornament, a deeper 
angular sulcus and a more marked geniculation 
and trail (Shi 1994), besides a quadrifid cardinal 
process (Manankov 2004). 
LATE PALAEOZOIC 
PALAEOGEOGRAPHY OF PATAGONIA 
Patagonia has been considered by some workers 
as a suspect terrane accreted to Gondwana in 
late Palaeozoic times (Ramos 1984, 2008). 
Alternative interpretations also exist, suggesting 
that Patagonia had always remained as an integral 
part of South America since the early Palaeozoic 
(Dalla Salda et al. 1990, 1994). Recently, 
Pankhurst et al. (2006) have suggested that 
northern Patagonia (North Patagonian Massif) 
was already part of Gondwana in Ordovician 
times. In contrast, southern Patagonia (Deseado 
Massif), perhaps together with parts of West 
Antarctica (see also Hervé et al. 2006; Ramos 
2008), was continental crust to the south of the 
major plate boundary (Fig. 13), and seems to 
have belonged to a parautochthonous entity that 
started to collide with the northern Patagonian 
block in Late Palaeozoic times (Pankhurst et al. 
2006; Von Gosen 2008; Balhburg et al. 2009). 
Pankhurst et al. (2006) have also suggested that 
the southern Patagonian continental block, on 
which the foreland mid Carboniferous–early 
Permian Tepuel-Genoa Basin was formed before, 
during and after the collision, would not have 
been separated very far from the southern South 
America margin during the Palaeozoic drifting. 
If we accept that the present-day Patagonia 
represents two amalgamated blocks as suggested 
by Pankhurst et al. (2006), their respective late 
Palaeozoic floras and faunas would have followed 
different biogeographical and evolutionary 
pathways, the significance of which would 
depend on the degree of their mutual geographical 
and climatic separation throughout the late 
Palaeozoic. To date, very limited published 
information is available in regards to this aspect 
of Patagonia’s late Palaeozoic history. 
There have been more and longer late Palaeozoic 
Figure 13. Schematic reconstruction of SW Gondwana showing Late Palaeozoic plate configurations 
(simplified from Pankurst et al. 2006). The North Patagonian Somuncurá Massif had formed part of continental 
South America since Ordovician (or at least Devonian) times, separated from the Southern Patagonian Deseado 
Massif (or Deseado terrane) to the south. The question marks indicate the current uncertainty about the true 
extent of Southern Patagonian Deseado Massif. The Antarctic Peninsula would consist of Late Carboniferous 
additions, but is shown as at the present day for the purpose of easy identification. FI=Falkland/Malvinas 
Islands plateau, EWM=Ellsworth-Whitmore mountains crustal block.
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glacial episodes recognised in Patagonia than in 
western Argentina (southwestern margin of 
Gondwana) (Taboada 2008, 2010; Taboada 
& Pagani 2010). This would suggest that 
Patagonia was located closer to the palaeopole 
than western Argentina throughout the late 
Palaeozoic (Taboada et al. 2005; Taboada & 
Pagani 2010; Taboada & Shi 2010). This 
scenario agrees with a possible local block 
rotation of Patagonia (Rapalini 2005), allowing a 
displacement between its northern boundary and 
Gondwana up to about 1000 km in the middle to 
late Carboniferous (Ramos 2008; Rapalini et al. 
2010). As a consequence, strong faunal contrasts 
were established between western Argentina and 
Patagonia since middle Carboniferous times 
when the late Bashkirian-early Moscovian 
Marginovatia-Maemia fauna appeared in western 
Argentina (Uspallata-Iglesia Basin), north of 
Patagonia. This fauna was linked to a climatic 
warming event in western Argentina (Taboada 
1997, 2006). During this relative warming event, a 
number of brachiopod genera and species, notably 
including Marginovatia, Maemia, Reticularia 
and Neochonetes granulifer (Owen), seem to 
have migrated to western Argentina by taking 
advantage of the available trans-Pangean-type 
Austro-Panthalassic-Rheic corridor. However, 
the deglaciation event and subsequent global 
warming in the Bashkirian may have sufficiently 
warmed up the trans-Pangean-type Austro-
Panthalassic-Rheic corridor to the extent that 
it now served as a thermal barrier for the biotic 
interchange between the Northern Hemisphere 
and southwestern Gondwana where Patagonia 
was located in a subpolar setting (probably up 
to 70ºS) experiencing a cold climatic regime. 
This warming event and the interpreted rise of a 
thermal barrier across western and northwestern 
Argentina (and northern Chile, Peru and Boliva 
further north) is here considered as the trigger for 
the initiation of biogeographical differentiation 
between western Argentina and Patagonia in 
the Bashkirian. As a result, Pennsylvanian-
early Permian (Artinskian) cold-water adapted 
faunal assemblages among others, were 
developed in Patagonia, allowing the evolution 
of the postulated Absenticosta-Lanipustula-
Verchojania-Jakutoproductus-Piatnitzkya lineage 
in Patagonia, accompanied by increasing faunal 
endemism and palaeobiogeographic isolation.
The weak glacial record since Bashkirian times 
in western Argentina contrasts with Australian 
evidence of widespread glaciations until Permian 
times. This asymmetrical climatic record reflects 
the clockwise rotation of Gondwana suggested 
for the Carboniferous and consequent drifting 
of western Argentina to lower latitudes unlike 
eastern Australia which drifted toward the south 
palaeopole. Patagonia, located in an intermediate 
palaeogeographic setting between western 
Argentina and Australia during this time, was also 
rotated and displaced across latitudes, but it must 
have been shifted to lower latitudes later and more 
slowly than western Argentina. Patagonia would 
have been separated from western Argentina and 
progressively drifted toward southern higher 
latitudes, thus more or less following the plate 
motion of Australia in this regard. Consequently, 
we suggest the isolation of Patagonia throughout 
the late Palaeozoic, coupled with its southward 
drift toward a colder climate over this period, 
could have triggered the parallel evolution of 
the Levipustulini lineage between Patagonia in 
southwestern Gondwana and Siberia in northeast 
Asia.
A thalassocratic regime during the late 
Asselian-Sakmarian and a global climatic 
amelioration since the late Sakmarian, could 
explain the fast recovery of migration pathways 
for the biotic interchange among Patagonia and 
other Gondwanan areas, particularly Western 
Australia and the Cimmerian regions, now 
stretching from the Middle East to Southeast 
Asia. This biotic interchange pathway probably 
occurred through a narrow oceanic connection 
or an epicontinental seaway incursion as is 
shown by the relative high diversity of the 
Cimmeriella fauna from Patagonia (Taboada 
& Pagani 2010). This scenario is in agreement 
with the palaeogeographic reconstruction of the 
Tepuel-Genoa Basin at the western border of the 
Deseado Massif constituting a discrete terrane 
detached from the northern Somuncurá Massif, 
which by this time would have been amalgamated 
with the southwestern margin of South America 
(Pankhurst et al. 2006). On the other hand, 
the Patagonian-Western Australia-Cimmerian 
palaeobiogeographical connection would be more 
difficult to explain, if Patagonia had been a single 
block made of the amalgamated Somuncurá and 
Deseado Massifs, as was postulated by Ramos 
(2008). In Ramos’ reconstruction model, a direct 
marine pathway for the biotic interchange between 
the Tepuel-Genoa Basin and the easternmost 
mentioned regions would have been blocked. In 
our view, the collision of the Patagonian Deseado 
Massif against mainland South America began 
after early Permian times.
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